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CASE REPORT

Systemic thromboembolism leading to myocardial
infarction and stroke after fenestrated total
cavopulmonary connection
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The Fontan operation was first described in
the treatment of tricuspid atresia,' but modifi-
cations are now used to palliate a variety of
heart defects in which there is an absent or

hypoplastic ventricle. Factors predisposing to
postoperative complications such as thrombo-
sis include increased pulmonary vascular
resistance and ventricular dysfunction.23
Outcome in high risk patients is improved if
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Figure 1 Twelve lead electrocardiogram demonstrating complete heart block and ST
segment elevation in leads Vl and V2.

an interatrial communication (fenestration) is
created,. allowing off loading of the cavo-

pulmonary circulation at the expense of
increased cyanosis.45 The fenestration may be
closed at a later date if the haemodynamics
are favourable.

Case report
A 3 year old girl presented with repeated sys-

temic thromboembolism after undergoing a

fenestrated total cavopulmonary connection.
As a neonate she presented with cyanosis and
cardiac failure due to right atrioventricular
valve atresia, ventriculoarterial discordance,
and coarctation of the aorta. At 1 month of
age she underwent coarctectomy and pul-
monary artery banding. At cardiac catheter-
isation aged 16 months the total pulmonary
vascular resistance was 3-4 units/M2 and the
arteriolar vascular resistance was 1 unit/m2.
Fourteen months later she underwent
debanding of the pulmonary artery, recon-

struction of the right pulmonary artery with
pericardium, and total cavopulmonary con-

nection with a Gore-tex (W L Gore and
Associates, Arizona) intra-atrial baffle. A 4-5
mm fenestration was created in the baffle
because the pulmonary artery had been recon-

structed. The child made a good recovery but
mild cyanosis remained suggesting right to left
flow through the fenestration. She was antico-
agulated with warfarin for 3 months after
surgery.

Transient unilateral facial weakness devel-
oped 7 months after the operation. Although
intracardiac thrombus was not visualised on

transthoracic echocardiography, thrombo-
embolism was suspected and treatment with
low dose aspirin was started. Two months
later she was admitted to her local hospital
with disorientation, chest pain, and increased
cyanosis. An infection was suspected and
antibiotics were started. She was discharged
after 3 days but was readmitted to the
regional paediatric cardiac unit the following
day with persisting lethargy and breathless-
ness. Retrospective analysis of the original
admission electrocardiogram showed com-

plete heart block and ST segment elevation in
leads Vi and V2 (fig 1). Serum cardiac
enzymes were increased (aspartate transami-
nase 867 IU/l, creatine kinase 341 IU/l, and
fi hydroxbutyrate 417 IU/l), compatible with
myocardial infarction. Further investigation
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Thromboembolic phenomena involving
the caval veins, right atrium, and pul-
monary artery are recognised complica-
tions after the Fontan operation and
other forms of total cavopulmonary con-
nection. A rare case of systemic throm-
boembolism is reported in a 3 year old
girl who had repeated coronary and cere-
bral thromboembolic events after a fen-
estrated total cavopulmonary shunt
operation. A survey of the 18 paediatric
cardiac units in the United Kingdom and
Ireland showed a wide discrepancy in
anticoagulation policies after Fontan-
type operations. Prevention of throm-
botic complications by lifelong
postoperative anticoagulation may out-
weigh the risk ofhaemorrhage.
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Figure 2 (A) Angiogram
showing afilling defect
with the appearances of
thrombus in the main stem
of the left coronary artery.
The left anterior
descending branch does not
fill with contrast on this
frame, but subsequent
frames demonstrated
partial occlusion. (B)
Diagrammatic
representation of the main
points seen in (A).

by transoesophageal echocardiography con-

firmed left ventricular dysfunction with apical
hypokinesia. Intracardiac thrombus was not

visualised, but there was spontaneous contrast
formation in the right atrium and consider-
able right to left flow across the fenestration.
At cardiac catheterisation she had bilateral
femoral vein and inferior vena caval thrombo-
sis. An aortogram showed partial thrombotic
occlusion of the left mainstem and left ante-
rior descending coronary artery (fig 2). There
was ventricular dysfunction (cardiac output
2-4 1/min/m2) and increased left ventricular
end diastolic pressure (18-20 mm Hg).
Catheterisation of the cavopulmonary shunt
revealed mean pressures of 17-19 mm Hg
and a calcAlated pulmonary vascular resis-
tance of 12 units/m2 (arteriolar pulmonary
vascular resistance 3-3 units/M2). Pulmonary
angiography showed minor narrowing of the
proximal left pulmonary artery with no evi-
dence of pulmonary emboli.

After cardiac catheterisation she was anti-
coagulated with warfarin (international nor-

malised ratio 3-4 5) and aspirin was

discontinued. Three months later she pre-

sented with further facial weakness which
evolved into a left hemiparesis. A computer
assisted tomographic headscan revealed
multiple areas of infarction. Serum anti-
thrombin III activity was 59% of the control
value (paediatric reference range 80-139%).
Follow up electrocardiography showed first
degree heart block and resolution of the ST
segment changes. Low dose aspirin was added
to her warfarin treatment and her motor func-
tion and exercise tolerance improved. Repeat
cardiac catheterisation six months after
myocardial infarction showed improved car-

diac output (5 1/min/m2) and left ventricular
end diastolic pressure (13 mm Hg), but pul-
monary vascular resistance remained
increased (total pulmonary vascular resistance
10 units/M2, arteriolar pulmonary vascular
resistance 5 units/M2). The left anterior
descending coronary artery was completely
occluded. The child currently remains with
moderate cyanosis and reduced exercise toler-
ance, and has been accepted for heart-lung
transplantation.
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Discussion
Right atrial and caval thrombosis can occur
after Fontan-type operations and may result
in pulmonary embolism or death.267
Neurological events have also been described
after total cavopulmonary connection,89 but
this is the first report of embolism to the coro-
nary circulation. Factors predisposing to
thrombogenesis have been recently reviewed
by Hedrick et al'0 and include: (i) sluggish
blood flow through the caval veins and right
atrial baffle; (ii) abnormal surfaces exposed to
blood, for example the prosthetic intra-atrial
baffle; and (iii) changes in blood composition
favouring thrombus formation. Acquired
protein C deficiency, reduced concentration
of antithrombin III, and increased von
Willebrand factor activity have been described
after Fontan operations81 but a causal associ-
ation with clinically significant thrombosis has
yet to be established.

This child has several risk factors for
thrombosis including an extensive Gore-tex
baffle, sluggish right heart blood flow (sug-
gested by spontaneous contrast formation on
echocardiography), and a reduced antithrom-
bin III activity. Further assessment of coagu-
lation factors has not been undertaken, as this
would require discontinuing warfarin treat-
ment for up to 2 weeks. Levels of parental
antithrombin III, protein C, and protein S are
normal, excluding most familial causes of
thrombosis.

Systemic thromboembolism was probably
caused by passage of emboli from right to left
through the interatrial fenestration. Although
an intracardiac clot was not seen, inferior vena
cava thrombosis demonstrated at cardiac
catheterisation may have been a source of
emboli. Possibly thrombus developed on the
left atrial surface of the Gore-tex patch, but
the thrombogenic potential of the two sur-
faces is identical (W L Gore and Associates,
personal communication) and this is unlikely.
The optimum anticoagulation policy after

Fontan-type operations is unclear. Anti-
coagulation with warfarin for 6-12 weeks fol-
lowed by aspirin treatment is recommended,'2
but the indications for lifelong anticoagulation
are unknown. The risk of haemorrhage in
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Antithrombotic policy after Fontan operation or its
modification in paediatric cardiac units in the United
Kingdom and Ireland*

Type of antithrombotic treatment No

Warfarin for 3 months or less 1 (8)
Warfarin for 3 months followed by long-term aspirin 2 (17)
Warfarin for 3-6 months 1 (8)
Warfarin plus aspirin for 6 months 1 (8)
Lifelong anticoagulation with warfarin 6 (50)
Long-term aspirin 1 (8)

Values in parentheses are percentages. *Six units did not have
a specific protocol for anticoagulation (see text).

adults and children on long-term oral antico-
agulation medication is regarded as accept-
ably low.'3 14 There is a lack of prospective
data, however, showing the safety of long-
term anticoagulation in childhood. The effi-
cacy of aspirin in preventing thrombosis after
Fontan-type operations is not established, but
recent overviews have highlighted the role of
aspirin in maintaining the patency of surgical
shunts and preventing pulmonary embol-
ism.15-17 Moreover, addition of low dose
aspirin to warfarin treatment after heart valve
replacement has been shown to reduce throm-
boembolic events with no significant increase
in major haemorrhage."8
We conducted a telephone survey of the 18

paediatric cardiac units in the United
Kingdom and Ireland to establish the
approach to antithrombotic treatment for
patients undergoing Fontan-type operations.
In 12 units (67%) there was an identifiable
protocol (table), but in six (33%) practice was
determined by consultant preference or indi-
vidual haemodynamics. Ten units (56%)
reported awareness of patients with serious
thrombotic complications, including two
units where warfarin is not used routinely.
We report a child who suffered significant

morbidity due to systemic thromboembolism
after a fenestrated total cavopulmonary shunt
operation. There is a marked variation in anti-
coagulation policies after Fontan-type opera-
tions in the United Kingdom and Ireland.
Although it may be safe to discontinue anti-
coagulation in some patients, the optimal
timing of this is unknown. Lifelong anti-
coagulation may reduce morbidity and mor-
tality after the operation, but the risk of severe

haemorrhage cannot be ignored. A multi-
centre trial is needed to determine the safest
antithrombotic policy after Fontan-type
operations.
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